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INTRODUCTION 
Turfgrass areas are highly regarded features in our way 
of life. Increasing emphasis placed on the production of 
fine turf for home grounds, golf courses, parks and other 
recreational areas has led to many unsolved problems as to 
how such turf can be established* In order to best maintain 
the several desirable types of turf it is necessary to know 
the effect of the accepted cultural practices of clipping 
and fertilizing on turf stands, 
A grass plant, in general, may be directed into the 
production of roots and shoots* It is recognized that roots 
play an important part in the growth of living plants. 
Practically all the water and minerals which grass plants 
use in growth processes are obtained from the soil through 
absorption by roots* Turf should be provided with a root 
system sufficiently deep and extensive to permit absorption 
of the moisture and nutrients required to support top-growth. 
Functions of the shoot system are chiefly photosynthesis and 
sexual reproduction. Previous investigations have shown 
that root and top-growth of turfgrasses are affected by 
height of cut and types of nutrient treatment used. It was 
the purpose of this study to investigate relationships be¬ 
tween nutrient treatments and different heights of cut on 
the development of roots and tops in Kentucky bluegrass 
(Poa pratensls) and Creeping red fescue (Festuoa rubra) 
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under greenhouse and out-of-door conditions. 
The detailed objectives of this study were: 
A, To observe the effect of foliar clipping at differ¬ 
ent heights of root and top development of two 
turfgrass species grown in the greenhouse and out- 
of-doors at the same levels of fertility and at 
different levels of fertility, 
B, To compare the chemical composition of turfgrass 
clippings from the two species under the same and 
different soil fertility levels, (as grown in the 
greenhouse and in out-of-doors soil cultures) and 
under varying solution culture treatments In the 
greenhouse, 
Two types of experimentations were carried out in these 
studies. Experiment A involved the use of solution culture 
techniques as a means of evaluating turfgrass response under 
controlled conditions. Experiment B was conducted in soil 
culture at two different times and locations; i.e., in green¬ 
house pots during the fall and in out-of-doors soil boxes 
during the spring. These soils tests were carried out to 
better evaluate olipplng-nutrient relationships observed 
during the solution culture experiment. 
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REVIEW OF LITERATURE 
The agronomist concerned with grassland has long been 
Interested In turf. Modern turf research owes much to 
earlier investigations on forage and pasture crops. Ferti¬ 
lisation of turf differs from that of grain; i.e., In turf 
production the elements needed are those which encourage 
vigorous production of vegetation, whereas with grain the 
objective is maximum production of high quality mature seed. 
In grain production, large quantities of nutrients are lost 
annually by harvesting and leaching, whereas in turf nutri¬ 
ent losses from these factors are less (7,$,9>29>32>35)• 
Many investigators (2,3,5,10) have shown that different 
species of turf vary in their response to light, soil mois¬ 
ture, temperature, defoliation, and nutrient supply. Ef¬ 
fects of defoliation and nutrient supply on top and root 
growth have been subjects of extensive investigations (4,6, 
14,26). 
Effects of nutrient and fertilizer treatments upon root 
and top-growth. — Inorganic nutrients are essential in the 
synthesis of proteins, tissues, enzymes, as well as for 
other secondary purposes. Each chemical element may be con¬ 
sidered as a separate growth factor but the effects of these 
elements are interrelated. The major elements, nitrogen, 
phosphorus, potassium, calcium, magnesium and sulfur (espe¬ 
cially nitrogen) are important in good quality turf 
production. When plants are grown under conditions where 
nitrogen is a limiting factor, root systems are well de¬ 
veloped and top-growth is poor. When available nitrogen is 
added, both tops and roots are stimulated (37»3&)* Sprague 
(36) worked with A&rostls tenuis in two experiments (one 
conducted in winter, the other in spring) illustrating the 
general effect of increasing available nitrogen supplies. 
In the winter experiment additions of sodium nitrate re¬ 
sulted in an increase in top and root weights (1.6 times the 
etandard# for roots and 1.3 times the standard for tops). 
In the spring experiment additions of sodium nitrate re¬ 
sulted in an increase of top weight and in a decrease of 
root weight (1.16 times the standard for tops and 0.7 times 
the standard for roots). Similar results were obtained by 
Harrison (13) in the spring with Kentucky bluegrass. 
Watkins (39) found that underground parts of grass ac¬ 
cumulate carbohydrates under normal conditions. When extra 
available nitrogen is used to stimulate top-growth, this 
carbohydrate response was reversed, 
Dunoan et al. (11) in studies on corn root development 
found that phosphate produced roots of about the same gen¬ 
eral appearance as nitrogen and phosphorus combined. Roots 
that developed in the presenoe of nitrogen and phosphate 
were finer and silkier and the number of roots was greater. 
* Optimum nutrient treatment. 
5 
Evans (13) stated that applications of both ammonium 
sulfate and sodium nitrate had a deleterious affect upon 
root development of Croatia and Festuca spp. which were 
growing in the field and were frequently defoliated. The 
response from additional nitrogen has been explained by 
Sprague (36) on the basis that a narrow ratio of soluble 
nitrogen to carbohydrate reserves in the plant favors vigor¬ 
ous top-growth while a wide ratio leads to vigorous develop¬ 
ment of stolons and rhizomes. 
The effect of applications of a complete fertilizer 
varied with the intensity of clipping treatments to which 
plants were subjected (38,40). Weinmann (4l) found that 
under moderate defoliation treatments a PK fertilizer had a 
depressing effect upon root weight and did not affect top- 
growth; while addition of ammonium sulphate resulted in an 
increase in top weight of more than that produced by PK 
alone. 
Experiments carried out at Hoadmaster, England (32) 
illustrate the specific action of fertilizers on top and 
root growth. Nitrogen increased leaf growth and reduced 
translocation of carbohydrates from leaves to roots. Phos¬ 
phate which also increased foliar development did not effect 
translocation of carbohydrates to roots. Potassium in¬ 
creased the ratio of roots to tops more than phoaohates but 
was also effective in the early development of leaf tissue. 
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Effects of clipping treatments upon root and top- 
growth. — The first response of a plant subje&ted to par¬ 
tial or complete removal of the top-growth is the transfer 
of reserves from roots and other storage organs to remaining 
shoot tissue to produce new growth♦ This results in a loss 
in weight of roots (17>25»37)* 
Harrison (19) worked with Kentucky bluegr&ss and Creep¬ 
ing red fescue clipped at 1/2°, 1 1/2W, and 3W at intervals 
of one week for a period of approximately 24 weeks. He ob¬ 
served that with higher clipping there was more root growth 
and with lower clipping there was less root growth. Gernert 
(20) in studies on responses of native grasses to periodic 
clipping reported that the lowest production (by weight) of 
roots came from plots clipped most frequently. These also 
produced the least top-growth. Roberts (31) working with 
four species: Creeping red fescue, Kentucky bluegrass, 
Merlon bluegrass and Astoria colonial bent, demonstrated 
that the quantity of root growth is directly related to the 
height of cut. Fitts (Ip) reports that the length of roots 
of turfgrasses increased in direct proportion to the height 
to which tops had grown. Graber (22) found that higher 
clipping treatments produced a thick turf free of weeds and 
that lower heights of cut resulted in a weedy and thin turf. 
He concluded that to produce a better quality turf it is 
necessary to set lawnmowers at a high level of cut. 
Roberts (21) and Sprague (35) showed that there Was a 
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variation in the response of different species to various 
heights of cut. For each species there was found a limit of 
tolerance to clipping, which when exceeded caused death of 
the turf. With hard fescue this limit occurs at approxi¬ 
mately 1/2 inch height of cut. Because of the erect habit 
of growth of the fescue, close clipping reduced the amount 
of photosynthetic tissue to the point that the plant was in¬ 
capable of meeting its requirements for carbohydrates. 
Johnson and Dexter (2*0 pointed out that removal of top- 
growth resulted in the depletion of reserve carbohydrates 
and eventual death of plants. 
EXPERIMENT A - GREENHOUSE NUTRIENT CULTURES 
A. Expe rim en tal Me thod s 
The following techniques for solution culture studies 
of turfgrasses were developed at the University of Massachu¬ 
setts (3°)- experiment reported here involved the use 
of a series of 24 glazed pots (one gallon) which contained 
the nutrient solution. (Plate 1) The experiment as de¬ 
signed included the use of 2 plant species, 4 nutrient 
treatments and 3 clipping treatments. No replicates were 
made within species. 
Culture lid - The seedbed culture lid, which 
covered the pot and on which seed germinated was constructed 
as follows: Discs having a diameter slightly greater than 
that of the pot were cut from 1/3* thick masonite. Thirty- 
nine holes 3/4* in diameter and with centers lrt apart v/ere 
drilled in each plate. The discs were impregnated with 
paraffin to make them water resistant. Fibergl&s screen was 
placed over the discs and then covered with a 1/32H layer 
(l/64,‘ thick when wet) of glass wool. Grass seed was then 
sown on the glass wool and then covered with granite chips. 
A waxed masonite frame with an opening of the same diameter 
as the Inside dimension of the pot was fastened over the 
seedbed as a retaining frame. (Plate 4) 
Nutrient solution - Stock solutions were made 
(Table 1) and mixed according to standard procedures (34,42). 
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A nutrient solution developed for use in turfgrass research 
was changed at weekly intervals (23). Distilled water was 
added daily to pots to maintain a constant solution level. 
Data on pH changes in the nutrient solution (fable 2) indi¬ 
cate that these changes were necessary to keep solution at 
comparable pH levels* 
Aeration - Air was circulated by a Macro air pump, 
Model B-2* and was supplied to cultures from a 20 L. reser¬ 
voir through rubber tubing and dispersed within the nutrient 
solution as fine bubbles from a 0.5 mm glass capillary tube. 
Adjustments of air supply were made to provide uniform flow. 
(Plate 5) This system served two functions: (1) Agitation 
of the solution kept the seedbed moist for effective seed 
germination. (2) Oxygen was added to the solution to meet 
root requirements. Standard procedures were followed in 
maintaining the aeration system. 
Plant material - Two species, Poa pratensls and 
Festuca rubra, were used. Plants were allowed to develop a 
good sod (4 months) on the optimum nutrient treatment before 
aifferentlal nutrient and clipping treatments started. 
Plates 7, 11) 
Nutrient treatments - Four solution levels (Tables 
3, 4) were Included; i.e., optimum nutrient treatment, low 
nitrogen treatment, low phosphorus - potassium treatment and 
* Made by J. Maris Co., Bloomfield, N. J. 
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check, consisting only of distilled water. 
Clipping treatments - Three heights of cut (non- 
clipped, 1 l/2tt and 3/^M) were maintained by frequent hand 
clipping. (Plate 6) Dry matter yields were obtained from 
these clippings which were then saved for chemical analysis. 
Observations of growth response were made prior to each 
dipping * * 
Greenhouse operation - Ventilation, heating, and 
supplemental lighting of the greenhouse were controlled to 
provide as uniform conditions as possible. 
Maintenance of cultures - Culture lids were seeded 
on December 20, 1957* Three weeks after seeding, root de¬ 
velopment had started and foliage had attained sufficient 
growth (2tt) to be clipped. On January IS fungal development 
(cephalosporium*) was noted on the bottom of culture lids in 
the root zone. This was removed by physical means at that 
time and as it formed during succeeding weeks. On January 
25 powdery mildew was noted on foliage. Flowers of sulphur 
sprinkled on steam radiators provided effective control. On 
March k aphids and fungus gnats (Bradysla impatiens**) were 
observed within the sod. The population of adult gnats and 
aphids was controlled by use of a fumigant containing nico¬ 
tine as the active ingredient. However, before fumigation, 
* As identified by Joseph Troll, Department of Agronomy. 
*# As identified by Dr. F. H. Shaw, Department of Entomology 
and Plant Pathology. 
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gnats had sufficient time to lay eggs and on March 12, 
larvae were observed on roots* Coincident with the appear¬ 
ance of larvae, root growth stopped and foliar development 
was considerably reduced. On March 1$ complete control of 
larvae was obtained by dipping roots and crowns of turf in a 
solution containing 0.6 oz. of chlordane wettable pow¬ 
der) per gallon of water. Hoots and crowns were soaked in 
the solution for 2-5 minutes then removed and allowed to 
drain 15-20 minutes before re-applying nutrient solutions. 
One treatment provided sufficient residual effect to kill 
larvae as they hatched during succeeding weeks. Seven days 
after treatment, new root growth was evident, and foliage 
had resumed normal growth. Sixteen weeks after seeding all 
cultures appeared to have attained uniform sod development 
(Plates 7> 11). Results of clipping yields taken from April 
12 through April 26 substantiated these observations and 
nutrient and clipping treatments were started April 29 
(Table 5). 
Final harvesting - This harvest resulted in three 
divisions of plant material; l.e., top-growth, sod and 
roots. Top-growth yields were taken from samples cut two 
Inches above the culture lid for the noncllpped series. 
That below this 2H cut was considered sod. For the remain¬ 
ing culture existing in turf below, the treatment height of 
cut was considered sod. Hoot yields were taken as total 
growth below the bottom surface of culture lids. Sod and 
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top-growth were oven dried, weighed and analyzed chemically. 
Roots were washed, measured lengthwise, and sectioned at 
2 1/2* intervals starting at the crown. Each section was 
oven dried, weighed and then recomposited for chemical 
analysis. 
Laboratory methods - Chemical analysis for nitro¬ 
gen, phosphorus and potassium in plant material from 
selected harvests of nutrient cultures were made according 
to the following methods: 
a. N - Miero-Keldahl determination (1,23) 
b. ? - Colorimetric determination {33) 
c. K - Flame photometer determination (1,23) 
All data were reported in percent nutrient on an oven dry 
weight basis. 
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8. Results 
Observations During Differential Clipping and Nutrient 
Treatments. — First treatment response observations and 
clipping samples were taken on May 1, 195& and continued 
through July 3, 195$* 
Response of foliage to clipping and nutrient 
treatments - Of the three heights of cut only the 3/4" 
height showed detrimental effects on the sod regardless of 
nutrient treatments. This response was particularly severe 
on Creeping red fescue. Turf cut at the 1 1/2° height and 
subjected to the low nitrogen and check treatments were also 
injured by clipping. Eesponses of nutrient treatments were 
more obvious in the nonclipped series than in clipped treat¬ 
ments . 
The optimum nutrient treatment produced vigorous 
foliage under all three heights of cut except where low 
heights of cut caused scalping injury. This response was 
noted throughout the period of treatment. 
Low nitrogen treatments produced foliage of poor 
color within a two week period (Plate £) . This chlorotic 
condition worsened as the experiment continued (Plate 10). 
Turfgrass vigor was reduced at all heights of cut and par¬ 
ticularly so at the 3/4M height. 
Low phosphorus-potassium treatments resulted in 
foliage of a darker green color than in the optimum nutrient 
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series. This color response was noted by the third week 
and continued at the same intensity throughout the experi¬ 
ment (Plates 13, l4)# Plants maintained the same overall 
vigor as optimum nutrient treated turf (Plates 12, 13, 14) . 
Check treatments produced foliage which gradually 
became more and more chlorotic throughout the experiment. 
The vigor of this series was poor at all clipping heights 
(Plates 9)• 
There were no significant differences in the order 
of response of foliage to nutrient treatment between Poa 
pratensls and Feetuca rubra. 
Response of roots to foliar clipping and nutrient 
treatments - Lower heights of cut produced greater reduc¬ 
tions in root growth* This clipping effect showed at once 
and continued throughout the experiment. There were no sig¬ 
nificant differences in the order of response of roots to 
defoliation between Poa pratensls and Festuca rubra. 
Root development started Immediately in optimum 
nutrient, low nitrogen and low phosphorus-potassium treat¬ 
ments and continued throughout the experiment (Plates 10). 
Nonclipped turf developed roots at a faster rate than turf 
clipped at a 1 1/2W height. The 3/4” clipping treatment 
produced roots at the slowest rate regardless of nutrient 
treatment. In general, the low nitrogen treatment stimu¬ 
lated root growth more than the optimum nutrient treatment 
(Plates 15, 16). Root response to lovr phosphorus-potassium 
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treatments wa3 less than that in optimum nutrient treatments. 
Hoots of plants subjected to the lox* nitrogen 
treatment were of coarse texture and dark In color (Plate 
15). Those of plants subjected to the optimum nutrient 
treatments had a lighter color and a finer texture. Low 
phosphorus-potassium treatments resulted in white roots that 
were coarser than those from plants subjected to the optimum 
nutrient treatments (Plates 10, 15). 
Hoot development in Kentucky bluegrass was greater 
than in Creeping red fescue at all heights of cut when 
treated with optimum nutrient levels, low nitrogen and low 
phosphorus-potassium treatments for a period of time up to 
seven weeks (Graph 1). This was particularly true of low 
phosphorus-potassium treatments. The rate of root growth of 
Creeping red fescue increased between the third and fifth 
week; however, total development was still lees than in 
Kentucky bluegrass (Graph 2). During the last three weeks 
of treatment, little difference was noted between root de¬ 
velopment in these nutrient treatments when clipped at a 
3/4m height. By the end of the experiment root development 
in Creeping red fescue under nonclipped optimum nutrient 
treatments was about the same as in nonclipped low nitrogen 
treatments. For Kentucky bluegrass root development was 
slightly greater under the nonclipped low nitrogen treat¬ 
ments than in the nonclipped optimum nutrient treatments. 
These same relative trends held for the 1 1/2H height of cut. 
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No root development occurred in either species 
under the check treatment* 
Yields - Yields of clippings taken throughout the 
experiment as well as calculations of total yields (Table 5) 
substantiated observations on plant vigor. Total yields of 
foliage were greater under noncllpped treatment and lowest 
at 3/^8 height of cut. Yields of Kentucky bluegrass at all 
treatment levels and all heights of cut were greater than 
for Creeping red fescue. The yields of both speoieB regard¬ 
less of height of cut showed a progressive Increase through 
nutrient treatment levels from check to low nitrogen to low 
phosphorus-potassium to the optimum nutrient level (Graph 3). 
Yields of roots (Table 6) taken at the end of the 
treatment run substantiate observations on root development. 
Root yields from both species under all nutrient treatments 
were greatest for noncllpped treatments and lowest at 3/^tt 
heights of cut. Root yields from Creeping red fescue at all 
heights of cut were greatest under the optimum nutrient 
treatment and decreased in the order of low nitrogen, low 
phosphorus-potassium and check. This response was more pro¬ 
nounced in the noncllpped series than at 1 1/2H and 3/4” 
heights. 
Root yields from noncllpped Kentucky bluegrass 
were greatest under low nitrogen treatment and decreased in 
the order of optimum nutrient level, low phosphorus-potassium 
and check (Graph 4) . At 1 1/2* height of out root response 
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to low nitrogen and to optimum nutrient levels were the same. 
At 3/4M height of cut root responses to optimum nutrient 
level were slightly greater than those under low nitrogen. 
At both these latter clipping heights, root response from 
low phosphorus-potassium treatments were greater than the 
che ok. 
Hoot yields of Kentucky bluegrass were greater at 
all heights of out and at all nutrient treatments than for 
corresponding treatments on Creeping red fescue. 
Chemical analysis - Chemical analyses of foliage, 
sod, and roots were made for nitrogen, phosphorus, and po¬ 
tassium and they are shown in Tables 7, 9» 10, 11, 12. 
These tables were presented as graphs for easier comparison. 
The results as obtained from these graphs will be presented 
and compared as follows for nitrogen, phosphorus, and potas¬ 
sium: between parts of plants (foliage, sod, roots); between 
species; between clipping treatments and between nutrient 
treatments. 
nitrogen: — Between parts of plants — Accumulations 
of nitrogen were greater in foliage than in sod or roots for 
both species throughout all nutrient and clipping treatments 
(Graph 5)• * 
Between speoies — Accumulations of nitrogen were 
greater in the foliage of Kentucky bluegrass than in the 
Creeping red fescue. This held throughout all nutrient and 
clipping treatments with one exception that was in the non- 
clipped series at the low nitrogen treatment (Graph 5). 
Between clipping treatments — Accumulations of 
nitrogen were greater in the foliage of both species at the 
noncllpped series than the clipped series. This was true 
for the optimum level and low phosphorus-potassium treat¬ 
ments. For the low nitrogen treatment more accumulation of 
nitrogen was found In the foliage of the clipped series than 
in the noncllpped series (Graph 5). 
Between nutrient treatments — Optimum level and 
low phosphorus-potassium treatments produced more nitrogen 
accumulation in foliage, sod and roots in all clipping treat 
ments than the low nitrogen and check treatments. 
Phosphorus: — Between parts of plants — Accumula¬ 
tions of phosphorus were greater in roots than in sod or 
foliage for both species in the clipped series throughout 
all nutrient treatments. Accumulations of phosphorus were 
greater in sod than the roots or foliage for both species in 
the nonolipped series at the optimum level and low nitrogen 
treatments (Graph 6). 
Between clipping treatments — There was no dif¬ 
ference in phosphorus accumulation between the two species 
(Graph 6). 
Between clipping treatments — There was more ac¬ 
cumulation of phosphorus in the foliage and roots at the 
clipped series than the noncllpped series throughout all 
nutrient treatments for both species (Graph 6). 
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Between nutrient treatments — Optimum level and 
low nitrogen treatments produced more phosphorus accumula¬ 
tion in foliage and sod than the low phosphorus-potassium 
and check treatments (Graph 6). 
Potassium: — Between parts of plants — For both 
species throughout all nutrient and clipping treatments ac¬ 
cumulations of potassium were greater in the foliage than in 
the sod or roots with one exception. This was in the Creep¬ 
ing red fescue at the nonclipped series at the low nitrogen 
treatment with more potassium accumulation in the roots than 
sod or foliage (Graph 7)• 
Between species — There were differences in the 
amount of potassium accumulated by the two species with the 
greater portion being found in Creeping red fescue at the 
optimum level and low nitrogen treatments with two excep¬ 
tions. One was found in the roots of the Kentucky bluegrass 
at the 1 l/2tt clipped series at the optimum level treatment 
where there was more of an accumulation of potassium than in 
the Creeping red fescue. The other exoeption was found in 
the sod of the Kentucky bluegrass at the nonclipped series 
at the optimum level treatment where there was more of an 
accumulation of potassium than in the Creeping red fescue 
(Graph 7)• 
Between clipping treatments — There was more ac¬ 
cumulation of potassium in foliage and sod in the clipped 
series than in the nonclipped series. 
20 
Between nutrient treatments — Optimum level and 
low nitrogen treatments caused greater accumulation of 
potassium in foliage, sod and roots than the low phosphorus- 
potassium and check treatments. 
TABLE 1 
Chemical Composition of Stock and Standard 
Nutrient Solutions Used for Greenhouse Culture 
Studies on Kentucky Bluegrass and Creeping Red Fescue 
Chemical 
Stock Solution 
Molarity ppm ppm 
(nh4)2s°4 5.0 x 10-1 N - 14,000 S - 16,000 
Ca(N03)24H20 5.0 x 10*1 N - 14,000 Ca - 20,000 
I^HPC^ 5.0 x 10'1 P - 15,000 K - 39,100 
MgS047H20 5.0 x 10”1 S - 16,000 Mg - 12,160 
Fe2(S04)3 1.1 x 10"2 S - 1,056 Fe - 2,457 
H3BO3 9.0 x 10‘3 B - 98 
MnS04H20 4.5 x 10“3 S - 144 Mn - 247 
CuS045H20 1.6 x 10-4 S - 5 Cu - 10 
(MH4)6Mo70244H20 6.0 x 10'5 Mo - 40 N - 5 
ZnS047H20 1.5 x 10”3 S - 48 Zn - 98 
Elements Supplied -- N-P-K, Ca-Mg-S, Fe-Mn-Mo-Cu-Zn-B 
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TABLE 2 
The pH values of the nutrient 
cultures between two changes of the solution. 
pH Values 
Treatment First day Fourth day 
Seventh day* 
Complete 6.50 5.4 
4.8 
Low N 6.85 6.3 
5.6 
Low PK 5.90 4.8 
4.0 
* The solution was changed weekly. 
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TABLE 5 
Dry Matter Yields of Foliage of Kentucky Bluegrass 
and Creeping Red Fescue Grown in the Greenhouse Under 
Four Nutrient Treatments and Three Heights of Cut„ (Wt. in grams) 
* 
m 
XL T3 
4J O 
> *H 
O U 
M O 
o 
Complete 
Bluegr Fescue 
Low 
Nitrogen 
Bluegr Fescue 
Low 
Phosph.-Potas. 
Bluegr Fescue 
Check 
Bluegr Fescue 
■» 
B.T.## 4.9 3.9 5.1 3.9 4.9 3.9 5.0 3.8 
a 
a 6/31# 
g 6/31 
15.1 
80.0 
14.2 
71.0 
10.4 
44.0 
10.0 
36.0 
14.3 
74'. 0 
13.9 
65.0 
10.3 
32.0 
10.0 
33.0 
Total 95.1 85.2 59.5 46.0 93.2 78.9 47.3 43.0 
B.T.## 5.0 3.6 4.9 3.8 5.1 3.7 4.8 4.0 
5/1-5/18 
5/19-6/5 
6/6-6/17 
6/18-6/30 
6/31# 
4.6 
7.5 
3.2 
3.2 
8.2 
3.6 
5.2 
2.9 
2.6 
7.6 
4.3 
4.4 
1.8 
1.8 
6.9 
3.4 
3.1 
1.0 
0.9 
6.7 
4.6 
5.9 
2.8 
2.7 
7.7 
3.7 
3.4 
1.7 
1.4 
7.5 
4.2 
2.7 
1.1 
1.0 
7.0 
3.0 
2.6 
1.0 
1.0 
7.1 
Total 26.7 21.9 19.2 15.1 23.7 17.7 16.0 14.7 
B.T.## 5.0 4.0 4.8 4.0 4.8 4.0 4.9 4.1 
<r 
CO 
<u 
a 
a 
•H 
i-H 
o 
5/1-5/18 
5/19-6/5 
6/6-6/17 
6/18-6/30 
6/31# 
4.3 
5.6 
2.5 
2.4 
5.6 
3.4 
4.6 
2.5 
2.4 
5.4 
4.1 
3.0 
1.4 
1.2 
4.7 
3.2 
1.9 
1.0 
0.8 
4.3 
4.2 
4.8 
2.0 
1.7 
5.2 
3.6 
4.1 
2.0 
1.8 
4.9 
Total 20.4 18.3 14.4 11.2 17.9 16.5 
3.8 
2.8 
1.1 
1.0 
4.6 
13.3 
*Clipping taken during the experiment and composited in four growth 
periods as indicated. 
#Sod harvested at the end of the experiment. 
##B.T. -- Accumulation of clippings for two weeks before treatments. 
3.0 
2.5 
1.0 
0.8 
4.2 
11.5 
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TABLE 6 
Dry Matter Yields of Roots of Kentucky Bluegrass 
and Creeping Red Fescue Grown in Greenhouse Under Pour Nutrient 
Treatments and Three Heights of Cut. (Wt. in grams) 
* CO 
c Low Low 
R
oo
t 
c
ti
o
 
Complete Nitrogen Phosph. -Potas. Check 
<u 
CO Bluegr Fescue Bluegr Fescue Bluegr Fescue Bluegr Fescue 
A 5.50 5.40 6.60 5.00 3.75 3.90 2.00 1.60 
B 2.80 2.80 4.04 2.80 2.Z6 2.15 
'O 
0) 
a 
a 
C 1.16 1.20 1.62 
* 
1.20 0.16 0.04 
4 D 0.60 0.50 0.65 0.33 0.02 0.01 
vJ 
c 
0 
z E 0.15 0.18 0.20 0.18 
F 0.08 0.02 0.09 0.08 
Total 10.29 10.10 13.20 9.59 6.19 6.10 2.00 1.60 
A 1.39 1.30 1.29 1.15 1.04 1.20 0.95 1.00 
CM 
r-l 
B 0.35 0.31 0.40 0.29 0.09 0.08 
rH 
'O 
a) 
C 0.05 0.09 0.09 0.12 0.02 0.02 
& 
a ♦H D 0.02 0.03 
o Total 1.79 1.70 1.80 1.59 1.15 1.30 0.95 1.00 
A 1.28 1.29 1.20 1.12 1.00 1.08 0.84 0.80 
cn 
B 0.28 0.19 0o 26 0.25 0.10 0.09 
X> 
<u 
ex 
a 
C 0.04 0.02 0.01 0.03 0.03 
•H 
H 
u 
Total 1.60 1.50 1.47 1.40 1.10 1.20 0.84 0.80 
♦Increment between depth of cut A through F equals 2 1/2" 
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WEEK S 
GRAPH 1 
Four 
Root Development of Kentucky Bluegrass Grown Under 
Nutrient Treatments During a Nine Weeks' Growth Period 
Low N 
Complete 
Low PK 
WEEKS 
GRAPH 2 
Root Development of Creeping Red Fescue Grown Under 
Four Nutrient Treatments During a Nine Weeks* Growth Period 
G
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Plate 1 
General View of the Three Experiments 
Plate 1 - 
Greenhouse Nutrient Set-up 
Plate 2 - 
Greenhouse Soil Culture Set-up 
Plate 3 - 
Out-of-doors Soil Culture Set-up 
Plate 3 
Plate 2 
Granite Ch/p 
Grass Seed 
Frame 
G/ass Woo/ 
Screen “ (Fiber G/ass) 
Bottom Frame 
Plate 4 
Component parts of the solution culture lid used for 
turfgras8 research. 
; • AERATION SYSTEM - PUMP TO CULTURE 
• • A- PUMP C- CARBOY E- CLAMP 6- POT 
! B- RUBBER TUBE D- T-TUBE F- CAPILLARY TUBE ; 
Plate 5 
l I 
• ATTACHMENT FOR CUPPING 
A- FRAME FITS CULTURE LID C- ^4 INCH LEGS 
B-1V2 INCH LEGS D" SHEARS 
Plate 6 
Plate 5 - Experimental set-up showing aeration system 
for nutrient cultures. 
Pla£e 6 - A clipping guide used to cut the grass at 
the required height. 
KENTUCKY BLUEGRASS 
PRIOR TO CUPPING AND NUTRIENT TREATMENT 
OPTIMUM LOW 
FERTILIZATION NITROGEN 
• • * • 
J-°W„ 
PHOSPHORUS 
* -—— • • 
; 'AND^ 
POTASSIUM 
CHECK 
Plate 7 
KENTUCKY BLUEGRASS 
• OPTIMUM 
FERTILIZATION NITROGEN 
• • # • 
• ■ • « 
r.. • .. 
1.: :: •:: 
LOW CHECK 
« * • • 
DuncDunn ic rhUbnMnUa 
[and 
POTASSIUM 
• w 
Plate 8 
Kentucky Bluegrass Grown in Solution Culture Under 
Various Nutrient Treatments and Heights of Cut. — 
Plate 7 - Nonclipped series prior to clipping and 
nutrient treatment. 
Plate 8 - Top and root response after 2 weeks of 
treatments. 
PHOSPHORUS 
• ■ • 
AND 
• • • • • 
CHECK OPTIMUM 
FERTILIZATION 
• « 
LOWe 
NITROGEN 
* » 
POTASSIUM 
Plate 9 
Plate 10 
Kentucky Bluegrass Grown in Solution Culture Under 
Various Nutrient Treatments and Heights of Cut* — 
Plate 9 - Top and root response after 3 weeks of 
treatments. 
Plate 10 - Top and root response after 7 weeks of 
treatments* 
CREEPING RED FESCUE 
PRIOR TO CUPPING AND NUTRIENT TREATMENT 
OPTIMUM 
FERTILIZATION ■ NITROGEN 
* - * 
LOW, 
PHOSPHORUS CHECK 
' •AND. : 
POTASSIUM 
Plate 11 
- « 
CREEPING RED 
2 WEEKS AFTER CUPPING AND NUTRIENT TREATMENT 
Plate 12 
Creeping Red Fescue Grown in Solution Culture Under 
Various Nutrient Treatments and Heights of Cut. — 
Plate 11 - Noncllpped series prior to clipping and 
nutrient treatment. 
Plate 12 - Top and root response after 2 weeks of 
treatments. 
FESCUE CREEPING RED 
• - » I * - 
OPTIMUM LOW^ LOW_ .CHECK 
FERTILIZATION NITROGEN PHOSPHORUS 
m •# - % # ■ - - • • #. 
and 
POTASSIUM 
_* .  v « • m. 
Plate 13 
FESCUE 
NG AND NUTRIENT TREATMENT 
FERTILIZATION NITROGEN 
LOW CHECK 
» • w 
DuncDunDf ic rnUornUKUo 
AND 
Plate 14 
Creeping Red Fescue Grown in Solution Culture Under 
Various Nutrient Treatments and Heights of Cut. — 
Plate 13 - Top and root response after 3 weeks of 
treatments. 
Plate 14 - Top and root response after 5 weeks of 
treatments. 
H-6 
Plate 15 
FESCUE 
EEKS AFTER CUPPING AND NUTRIENT TREATMENT 
NONCUPPED 
• . 
... . ’ LOW CHECK 
fertilization nitrogen phosphorus 
AND 
Plate 16 
Kentucky Bluegrass and Creeping Red Fescue Grown In Solution 
Culture Under Various Nutrient Treatments and Heights of Cut. — 
Plate 15 - Noncllpped series of Kentucky Bluegrass at the 
end of the experiment. 
Plate 16 - Noncllpped series of Creeping Red Fescue at the 
end of the experiment. 
Note: Foliage was removed in part before picture was taken. 
EXPERIMENT B - SOIL CULTURES 
A. Experimental Methods Out-of-doors 
The experiment reported here involved the use of a 
series of 36 wooden boxes 1* xl* xl’ inside dimensions. The 
bottoms of the boxes were perforated with a series of 40 
small holes. Sixty-five pounds of soils were added to these 
boxes. 
Set-up for boxes - A hole 16* xlO* xl 1/21 deep 
was dug in the University turf plot area. Six galvanized 
metal trays S* xl 1/2* x0.3* deep with a drain cock in one 
end were placed side by side in the hole. Six wooden boxes 
were placed in each tray so that the drain end was 8 inches 
from the first box and the last box was approximately 2 
Inches from the other end of the tray. Boxes were lined up 
in each tray so that an open channel about 2 Inches wide ran 
along each side of the tray. A wooden frame was constructed 
to fit snugly around the boxes to cover the exposed portion 
of the trays. The resulting small cracks between frame and 
boxes were sealed with roofing paper which was tacked to 
both boxes and frame. The frame had six holes 3Hx3M one 
end spaced so that each hole was centered over the middle of 
the drain end of each tray. Wooden shoots, 1 1/2* long with 
y x y Inside measurements were attached over each hole. 
Sawdust was packed around each shoot and in between each row 
of boxes until the area was filled to within 1M below the 
top of boxes (Plate J) . Statistical analyses of top and 
root yields were made of the basis of the randomized set-up 
which inoluded two plant species, three fertilizer treat¬ 
ments, two heights of cut, and three replications. 
Soil - A Merrlmac fine sandy loam soil was used, 
A soil test (27) revealed low fertility (nitrogen, low; 
phosphorus, low; and potassium, low) . A pH reading was ob¬ 
tained by using the standard Beckman pH meter on samples 
taken after the soil from the field had been screened and 
mixed thoroughly, A pH of 5.^ was raised to 6.5 by adding 
ground limestone in an amount determined by Dunnes lime re¬ 
quirement method (12). 
Irrigation - Major irrigation was carried out by 
adding water to each tray through the wooden shoots. This 
provided for a system of subsurface irrigation. These ap¬ 
plications of water were continued until capillary movement 
of moisture reached the surface. Boxes were vfatered and 
occasionally sprinkled as needed. At times of excess rain¬ 
fall the drainage cock in each tray was opened to allow 
water to drain from the trays. 
Fertilizer treatment - The following three ferti¬ 
lizer treatments were used: 
1. Optimum fertilizer treatment consisted of 
N-6 lbs, P2°5 - 6 lbs, KgO - 3 lbs per 
1000 sq. ft. 
2. Low nitrogen treatment consisted of 
50 
PgOjj - 6 lbs, Kg0 - 3 lbs per 1000 sq. ft, 
3* Low phosphorus-potassium treatment consisted 
of N-6 lbs per 1000 sq. ft. 
Required amounts of ammonium nitrate with 33-5$ N, super¬ 
phosphate with 20$ PgOjj and muriate of potash with 60$ Kg0 
for each box were thoroughly mixed with 65 lbs of soil. 
Plant material - Merion bluegrass Poa pratensls 
variety and Creeping red fescue Festuca rubra were used as 
plant material. Merion bluegrass was substituted for Ken¬ 
tucky bluegrass because of its resistance to helmonthosporium 
leaf spot. At the time soil boxes were established in the 
field, Kentucky bluegrass was severely injured by this dis¬ 
ease. Two year old sod plugs four Inches in diameter and 
two inches thick from the University turf plots were planted 
in the center of each box (Plate 3). 
Clipping treatments - Two heights of cut (non- 
clipped and 1 l/2tt) were maintained by frequent hand clip¬ 
ping. Dry matter yields were obtained from these clippings 
which were saved for chemical analysis. 
Maintenance - On May 195$ sod plugs were 
planted in soil boxes. All plants were clipped at a height 
of 2" until differential clipping treatments were started. 
By June 5» 195& plants under the same fertilizer treatments 
appeared equally well developed and clipping treatments were 
started on that date. Weeds were removed by hand and a dust 
mulch maintained throughout the season by frequent hand 
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cultivation. Mean weekly values for temperature, sunshine, 
precipitation and relative humidity are reported (Graphs S, 
9). 
Final harvestings, - The tops of plants were cut 
off, washed, oven dried and weighed. Hoots were obtained 
according to a method by Fribourg (16). Hoots were washed, 
lengthwise, and sectioned at 2 1/2 intervals starting at 
the crown. Each section was oven dried, weighed, and then 
recomposited for chemical analysis. 
Laboratory methods - Chemical analyses for nitro¬ 
gen, phosphorus and potassium in plant material from 
selected harvests of soil cultures were made as in Experi¬ 
ment A* 
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3. Results 
Observations During Differential Clipping; Treatments, — 
First treatment response observations and clipping samples 
were taken on June 5, 195& and continued through July 30, 
195^. 
Response of foliage to clipping and fertilizer 
treatments - The only detrimental effect of clipping on foli¬ 
age occurred on low nitrogen treated turf clipped at 1 l/2tt. 
In the nonclipped series fertilizer responses appeared 
quicker and were more pronounced than in the 1 1/2M clipped 
series (Plates 17» 13). 
During the entire experiment optimum fertilizer 
treatments produced healthy, normal and verdant turf in both 
species (Plates 17, 13, 19» 20), 
Under the low nitrogen treatments Merlon bluegrass 
showed signs of chlorosis after three weeks. Creeping red 
fescue responded similarly but a week later than Merlon blue- 
grass . Under this treatment chlorosis and lack of top-growth 
vigor worsened as the experiment progressed, particularly for 
Merlon bluegrass. Under low phosphorus-potassium treatments 
both species developed a dark green foliage after four weeks 
which was caused by a deficiency of phosphorous. As the ex¬ 
periment continued, this treatment response intensified and 
top-growth was inferior to that produced by optimum nutrient 
treatments but was superior to that produced by low nitrogen 
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treatments. 
Clipping yields - Yields of clippings (Table 13) 
substantiated observations on the vigor of the turfgrass 
species. The noncllpped series produced more total foliage 
than that harvested from cultures clipped at 1 1/2M. This 
clipping response was significant at the 1% level (Table l4) , 
At both heights of cut for both species the order of growth 
response to fertilizer treatments was: optimum level greater 
than low phosphorus-potassium followed by low nitrogen 
(Graph 10). A statistical analysis of the Interaction be¬ 
tween optimum fertilization, nitrogen fertilization and 
phosphorus-potassium fertilization showed that there were 
highly significant differences between optimum fertilization 
yields and low nitrogen yields, between low phosphorus- 
potassium yields and low nitrogen yields and between treat¬ 
ments containing optimum nitrogen (optimum fertilization and 
low phosphorus-potassium) and those oontaining little nitro¬ 
gen (low nitrogen treatment). Differences in yield between 
optimum fertilization and low phosphorus-potassium treat¬ 
ments were significant at the 5$ level. Yields of Merlon 
bluegrass were higher at all fertilizer treatments and at 
all heights of cut than corresponding treatments on Creeping 
red fescue. This response was significant at the 1$ level, 
A highly significant interaction between clipping and ferti¬ 
lization indicated yield responses to clipping were influ¬ 
enced by fertilization (Table 14). 
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Hoot yields - The nonclipped series produced more 
total roots than the series clipped at 1 1/2H (Table 15). 
This response was highly significant (Table 16). The order 
of root response for both species in the nonclipped series 
was low nitrogen treated turf greater than optimum fertiliza¬ 
tion followed by low phosphorus-potassium♦ This response 
was the same for the 1 1/2” clipped Creeping red fescue; 
however, in Merion bluegrass clipped at 1 1/2* optimum fei*- 
tillzatlon treatments produced more roots than low nitrogen 
treatments. How phosphorus-potassium treatments resulted In 
fewer roots. In general, differences in root yields between 
optimum fertilization and low phosphorus-potassium treat¬ 
ments, between low nitrogen and low phosphorus-potassium and 
between treatments containing optimum phosphorus-potassium 
and those containing little phosphorus-potassium were highly 
significant. Differences in root yields between low nitro¬ 
gen treatments and optimum fertilization treatments were 
significant at the 5$ level. The interaction between clip¬ 
ping and fertilization were highly significant, indioatlng 
that although the effect of clipping on overall root de¬ 
velopment had not been Influenced by fertilizer treatments, 
root response to fertilization was different under varying 
heights of out (Table 16). 
Chemical analysis - Chemical analyses of foliage 
and roots were made for nitrogen (Table 17), phosphorus 
(Table IS) and potassium (Table 19)• 
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Nitrogen: — Accumulations of nitrogen (Graph 11) were 
greater In foliage than in sod and roots for both speoies 
(Merlon bluegrass and Creeping red fescue). This held 
throughout all fertilizer and clipping treatments * 
There were differences in the amount of nitrogen 
accumulated in the two species with the greater portion 
found in Merlon bluegrass. This was true throughout all 
fertilizer and clipping treatments. There was more accumu¬ 
lation of nitrogen in foliage and roots of the clipped 
series at low nitrogen levels than in the noncllpped series. 
Differences in nitrogen accumulation were found 
between fertilizer treatments. Optimum fertilizer treat¬ 
ments and low phosphorus-potassium levels accumulated more 
nitrogen than low nitrogen treated turf. This was true in 
both clipping treatments. 
Phosphorus: — Accumulations of phosphorus (Graph 12) 
were greater in roots than in foliage for both species 
(Kentucky bluegrass and Creeping red fescue). This held 
throughout all fertilizer treatments at both heights of cut. 
There were no differences in phosphorus accumula¬ 
tion between the tx*o species. There v/as more accumulation 
of phosphorus in foliage and roots of the clipped series 
than in the noncllpped series. This was true for all ferti¬ 
lizer treatments. 
Differences in phosphorus accumulation were found 
among fertilizer treatments. Optimum fertilizer treatments 
5 6 
and low nitrogen levels accumulated more phosphorus than low 
phosphorus-potassium treatments* This was found to be con¬ 
sistent in foliage and roots of both clipping treatments. 
Potassium: — Accumulations of potassium (Graph 13) 
were greater in foliage than in roots for both species 
(Merlon bluegrass and Creeping red fesoue) . This held for 
all fertilizer and clipping treatments. There were differ¬ 
ences in potassium accumulation between the two species. 
Accumulations of potassium were greater in the 
clipped series than in the noncllpped series. This was true 
for all fertilizer treatments in both species. 
Differences in potassium accumulation were found 
between fertilizer treatments. Optimum nutrient treatments 
and low nitrogen levels accumulated more potassium than low 
phosphorus-potassium treatments. This held for foliage and 
roots in both clipping treatments. 
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C. Experimental Methods Greenhouse 
This experiment involved the use of 3$ glazed pots (one 
gallon). The pots were filled with soil, drainage being 
supplied with a one-half inch layer of grainte chips on the 
bottom. 
Set-up for pots - The pots were placed on the 
benches in a randomised pattern and spaced approximately one 
foot apart. During the course of the experiment positions 
were shifted to provide as uniform growing conditions as 
possible. Statistical analyses of top and root yields were 
made on the basis of the randomized set-up which Included 
two plant species, three fertilizer treatments, two heights 
of cut and three replications. (Plate 2) 
Irrigation - Initially 25$ water on a weight basis 
for air dry soil was added to moisten pots to a point about 
field capacity (32). Subsequently at two or three day 
intervals the pots were weighed and water added to maintain 
moisture levels of field capacity. 
Maintenance - On October 3, 195$ sod plugs of 
Merlon bluegrass and Creeping red fescue from the same area 
as for the out-of-doors experiment were planted in glazed 
pots. The plants were attacked by powdery mildew and aphids. 
To combat these conditions the plants received the same 
treatment as the plants in nutrient cultures. 
The soil type, plant material, fertilizer and 
clipping treatments, final harvesting and laboratory methods 
were the same as for the out-of-doors box experiments. 
D • Hesuits 
This experiment extended slightly over a threo months 
period. Prom the observations during the experiment, and as 
shown in Tables 20, 21, 22, 23, 2^, 25, 26 and Graphs 11,12, 13 
1^, is indicated a similarity of results to those obtained 
from out-of-doors soil cultures with few exceptions. Top- 
growth response to fertilizer was delayed by a ten day 
period which was attributed to low light intensity and light 
quality factors. The response of foliage to low phosphorus- 
potassium, when compared with optimum level treatment was 
different in the greenhouse. The total top-growth from low 
phosphorus-potassium treatments was slightly below that of 
optimum level treatment in out-of-doors soil cultures. This 
difference was more pronounced In the greenhouse soil 
oultures. 
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TABLE 14 
Statistical Analysis of Dry Matter Yields of Foliage 
of Merion Bluegrass and Creeping Red Fescue Grown Out-of-doors 
Under Three Fertilizer Treatments and Two Heights of Cut 
Analysis of Variance 
Sources d.f. •
 
C/3
 
.
 
CO
 M.S. F 
Replications 2 2.67 1.335 1.15 
Fertilizers 2 379.13 189.565 163.14** 
NPK vs N* 1 8.75 8.750 7.53* 
NPK vs PK** 1 329.30 329.300 283.39** 
PK vs N 1 230.64 230.640 198.48** 
NPK N vs PK 1 370.37 370.370 318.73** 
Varieties 1 107.47 107.470 92.49** 
Clippings 1 6969.47 6969.470 5997.80** 
Interaction Var. x Cl. 1 0.75 0.750 0.64 
" Var. x Fert. 2 0.89 0.445 0.38 
" Cl. x Fert. 2 81.50 40.750 35.07** 
" Var. x Cl. x Fert. 2 2.24 1.120 0.96 
Error 22 25.56 1.162 
TOTAL 35 7569.48 
* Noted in text as low PK 
** Noted in text as low N 
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TABLE 16 
Statistical Analysis of Dry Matter Yields of Roots 
of Merion Bluegrass and Creeping Red Fescue Grown Out-of-doors 
Under Three Fertilizer Treatments and Two Heights of Cut 
Analysis of Variance 
Sources d. f . S.S. M.S. F 
Replications 2 0.03 0.015 0.19 
Fertilizers 2 41.90 20.950 27.35** 
NPK vs N* 1 16.60 16.600 21.67** 
NPK vs PK** 1 5.37 5.375 7.02* 
PK vs N 1 40.87 40.870 53.35** 
NPK PK vs N 1 36.52 36.520 47.68** 
Varieties 1 2.13 2.130 2.78 
Clippings 1 412.50 412.500 538.51* 
Interaction Var. x Cl. 1 0.46 0.460 0.60 
" Var. x Fert. 2 0.99 0.495 0.65 
" Cl. x Fert. 2 17.20 8.600 11.23** 
" Var. x Cl. x Fert. 2 0.03 0.015 0.19 
Error 22 16.85 0.766 
TOTAL 35 492.30 
* Noted in text as low PK 
** Noted in text as low N 
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TABLE 17 
Percentage of Nitrogen in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown Out-of-doors Under Three 
Fertilizer Treatments and Two Heights of Cut (Avg,of Three Replic.) 
Growth Periods*** Harvest 
Clip. Fertil. 6/5-6/29 6/30-7/12 7/13-7/29 Roots Foliage 
Treat. Treat. M.B.* R. F. ** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
ro 
<u 
a 
Compl. - - - 2.10 2.00 4.80 4.70 
CL 
•H 
r-i 
Low N - - - 1.30 1.10 2.60 2.45 
o 
a 
§ 
Low PK - m - 2.30 2.15 4.60 4.40 
'V ~ 
CM 
Ou «—t i-l 
Compl. 5.00 4.40 4.90 4.20 4.80 4.15 2.20 2. 15 4.70 4.10 
Low N 4.30 4.20 4.25 4.10 4.00 3.80 1.80 1.70 3.90 3.60 
rH H 
o Low PK 4.95 4.60 4.70 4.30 4.60 4.20 2. 25 2.10 4.50 4.00 
* M. B. -- Merion bluegrass 
** R.F. -- Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
TABLE 18 
Percentage of Phosphorus in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown Out-of-doors Under Three 
Fertilizer Treatments and Two Heights of Cut (Avg.of Three Replic.) 
Growth Periods*** Harvest 
Clip. Fertil. 6/5-6/29 6/30-7/12 7/13-7/29 Roots Foliage 
Treat. Treat. M.B.* R.F.** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
o. 
Compl. mm mm - •• «• 0.23 0.25 0.22 0.22 
O- 
H 
Low N - ■» ■» - 0.24 0.25 0.21 0.22 
o 
e 
§. 
Low PK - • • 0.19 0.18 0.16 0.18 
0) CM 
Compl. 0.36 0.35 < 0.34 0.33 0.34 0.35 0.36 0.37 0. 39* 0.31 
cl ^ 
CL rH 
H H 
Low N 0.35 0.36 0.32 0.31 0.33 0.33 0.36 0.35 0.30 0.32 
o Low PK 0. 26 0.27 0.24 0.23 0.22 0.20 0.26 0.24 0.20 0.19 
* M.B. -- Merion bluegrass 
** R.F. -- Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
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TABLE 19 
Percentage of Potassium in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown Out-of-doors Under Three 
Fertilizer Treatments and Two Heights of Cut (Avg.of Three Replic.) 
Growth Periods*** Harvest 
Clip. 
Treat. 
Fertil. 6/5- 6/29 6/30- •7/12 7/13- 7/29 Roots Foliage 
Treat. M.B.* R.F.** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
*o 
g. 
Compl. - - - - - - 0.38 0.40 1.25 1.50 
a 
H #1 
Low N - - - - - - 0.40 0.42 1.60 1.80 
a 1 Low PK - - - - - 0.31 0.32 0.90 1.00 
Compl. 2.00 2.43 1.92 2.40 2.10 2.60 0.41 0.48 2.00 2.64 
•u r 
a. r-t Low N 2.10 2.70 2.30 2.66 2.20 2.70 0.46 0.49 2.30 2.84 
H t-H 
o Low PK 1.73 2.10 1.85 2.07 1.85 2.15 0.32 0.34 1.80 2.10 
* M.B. -- Merion bluegrass 
** R.F. -- Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
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TABLE 22 
Statistical Analysis of Dry Matter Yields of Foliage 
of Merion Bluegrass and Creeping Red Fescue Grown in Greenhouse 
Under Three Fertilizer Treatments and Two Heights of Cut 
Analysis of Variance 
Sources d0f„ S.S. M.S. F 
Replications 2 0.28 
o
 
r—
4
 
o
 0.945 
Fertilizers 2 143.10 71.550 483.445** 
NPK vs PK* 
A 
1 143.11 143.110 966.959** 
NPK vs N** 1 34.33 34.330 231.959** 
N vs PK 1 37.26 37.260 251.756** 
NPK N vs PK 1 619.29 619.290 4184.39** 
Varieties 1 39.06 39.060 263.918** 
Clippings 1 884.07 884.070 5973.495** 
Interactions Var. x Cl. 1 5.22 5.220 35.270** 
" Var. x Fert. 2 31.09 15.545 105.03 ** 
" Cl. x Fert. 2 78.71 39.355 265.912** 
" Var. x Cl. x Fert. 2 28.81 14.405 97.331** 
Error 22 3.27 0.148 
TOTAL 35 1213.61 
* Noted in text as low N 
** Noted in text as low PK 
TABLE 23 
Statistical Analysis of Dry Matter Yields of Roots 
of Merlon Bluegrass and Creeping Red Fescue Grown in Greenhouse 
Under Three Fertilizer Treatments and Two Heights of Cut. 
Analysis of Variance 
Sources d.f. S.S. M.S. F 
Replications 2 0.01 0.005 0.38 
Fertilizers 2 11.88 5.940 456.90** 
NPK vs PK* 1 0.13 0.13 10.00** 
NPK vs N** 1 7.78 7.78 598.4 ** 
N vs PK 1 9.94 9.94 764.60** 
NPK PK vs N 1 11.09 11.09 853.00** 
Varieties 1 0.66 0.66 50.76** 
Clippings 1 110.70 110.70 8515.30** 
Interaction Var. x Cl. 1 0.13 0.13 10.00** 
" Var. x Fert. 2 0.06 0.03 2.31 
" Cl. x Fert. 2 2.80 1.40 107.69** 
" Var. x Cl. x Fert. 2 0.08 0.04 3.08 
Error 22 0.30 0.013 
TOTAL 35 126.62 
* Noted in text as low N 
** Noted in text as low PK 
TABLE 24 
Percentage of Nitrogen in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown in the Greenhouse Under 
Three Fertilizer Treatments and Two Heights of Cut (Avg of Three Replic) 
Growth Periods*** Harvest 
Clip. 
Treat. 
f* 
Fertil. 
10/20- 
11/10 
11/11- 
12/10 
12/11- 
1/10 Roots Foliage 
Treat. M.B.* R.F.** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
Q) Compl. m m* 2.15 2.05 4.70 4.45 
cu 
a. 
•H 
r“4 
o 
Low N - - - 1.35 1.20 2.85 2.95 
e 
o 
25 Low PK - •• • - 2.40 2.25 4.40 4.10 
-a = 
<U CM 
a^ 
a 
Compl. 
Low N 
5.05 4.60 
4.20 4.05 
4o80 4.10 
4.00 3.80 
4.75 4.00 
3.90 3.40 
2c14 2.20 
1.65 1.60 
4.60 4.00 
3.60 3.30 
•H 
o Low PK 4.90 4.50 4.60 4.30 4.45 4.15 2.10 2.00 4.40 4.10 
* M.Bo — Merion bluegrass 
** R.F. — Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
TABLE 25 
Percentage of Phosphorus in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown in the Greenhouse Under 
Three Fertilizer Treatments and Two Heights of Cut (Avg of Three Replic) 
Growth Periods*** Harvest 
Clip. Fertil. 
10/20- 
11/10 
11/11- 
12/10 
12/11- 
1/10 Roots Foliage 
Treat. Treat. M.B.* R.F.** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
X) 
V 
Compl. - - - 0.26 0.27 0. 24 0.25 
WU 
Ou 
•H 
rH 
Low N «• •• - - 0. 26 0.26 0.22 0.24 
o 
c 
£ Low PK mm mm - - 0.19 0.20 0.18 0.17 
Compl. 0.40 0.38 0.37 0.36 0.35 0.35 0.38 0.39 0.36 0.35 
ft) CM 
Cu '—. Low N 0.41 0.39 0.38 0.37 0.36 0.35 0.40 0.38 0.36 0.34 
r—4 H 
CJ Low PK 0. 28 0.29 0.26 0.25 0.24 0.25 0.29 0.30 0. 24 0. 26 
* M.B. -- Merion bluegrass 
** R.F. -- Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
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TABLE 26 
Percentage of Potassium in Foliage and Roots of Merion 
Bluegrass and Creeping Red Fescue Grown in the Greenhouse Under 
Three Fertilizer Treatments and Two Heights of Cut (Avg of Three Replic) 
Growth Periods*** Harvest 
Clip. 
Treat. 
Fertil. 
10/20- 
11/10 
11/11- 
12/10 
12/11- 
1/10 Roots Foliage 
Treat. M.B.* R.F.** M.B. R.F. M.B. R.F. M.B. R.F. M.B. R.F. 
T* 
QJ Compl. 0.38 0.42 1.20 1.44 
CL 
a. 
•H 
H Low N - - - 0.40 0.47 1.50 1.78 
u ■ e 
o 
2 
Low PK - - - 0.27 0.30 0.94 1.10 
'O r CD CM 
Ou^ Q. ,_i 
Compl. 
Low N 
1.95 2.35 
2.05 2.60 
1.85 2.30 
2015 2.55 
2.00 2.40 
2.20 2.69 
0.41 0.47 
0.46 0.52 
1.92 2.29 
2.18 2.70 
T-l 
r—4 
CJ Low PK 1.65 1.90 1.70 1.95 1.70 2.00 0.29 0.33 1.70 2.00 
* M.B. — Merion bluegrass 
** R.F. -- Creeping red fescue 
*** Clipping taken during the experiment and composited in 
three growth periods as indicated. 
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GRAPH 10 
Foliage and Root Yields in gram oven dry 
Weight From the Out-of-doors Soil Cultures (Avg 3 Replic) 
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N-clipped Clip 1%*' 
Foliage 
Merion Bluegrass 
Creeping Red Fescue 
A - Complete, B - Low N, C - Low PK 
/ 
/ 
/ 
1 
✓ 
/ 
/ 
/ 
A 
/ 
/ 
/ 
/ ]A 
ABC ABC 
N-clipped Clip 1%" 
Roots 
GRAPH 14 
Foliage and Root Yields 
Weight From the Greenhouse Soil 
in gram oven dry 
Cultures (Avg 3 Replic) 
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Plate 17 
8 WEEKS AFTER CUPPING AND NUTRIENT TREATMENT 
NITROGEN 
FOmUZATON , CUT .A*0. POTASSIUM^ 
-Plate 18 
Merlon Bluegrasa Grown in Outdoor Soil Boxes and Treated 
with Various Levels of Nitrogen, Phosphorus and Potassium, — 
Plate 17 - Root development when turf was left unclipped 
Plate 18 - Root development when turf was clipped at a 
1 1/2 inch height. 
Plate 19 
. 
8 WEEKS AFTER CUPPING AND NUTRIENT TREATMENT 
CREEPtIG RED 
FERTILIZATION 
LOW PHOSPHORUS 
AND* POTASSIUM * 
Plate 20 
Creeping Red Fescue Grown In Outdoor Soil Boxes and Treated 
with Various Levels of Nitrogen Phosphorus and Potassium. — 
Plate 19 - Root development when turf was left unclipped. 
Plate 20 - Root development when turf was clipped at a 
11/2 inch height. 
DISCUSSION 
Experimental results reported earlier supplement Infor¬ 
mation already available regarding effects of clipping and 
nutrient treatment on turfgrass species, particularly upon 
root and top-growth. Kentucky bluegrass, Merlon bluegrass 
and Creeping red fescue are widely used in this region and 
were, therefore, selected for these tests. Results of both 
soil and nutrient culture treatments were generally similar 
with differences being more pronounced and more readily dis¬ 
cernible in nutrient cultures. 
Effects of Nutrient and Fertilizer Treatments Upon Root 
and Top-Growth. — Hoot response to nutrient treatments in¬ 
dicated that with both Kentucky bluegrass and Creeping red 
fescue low nitrogen treatments stimulated greatest root 
growth at the start of the treatment run. When reserve car¬ 
bohydrates In turf under the low nitrogen treatment were de¬ 
pleted, the rate of root development slowed down. Under 
optimum level treatments the rate of root growth was main¬ 
tained at the same slow rate throughout the experiment. By 
the end of 10 weeks root growth was about the same in both 
treatments. Watkins (39) reported similar results on root 
growth in bromegrass as affected by nitrogen fertilizer in 
early stages of plant growth. 
Low phosphorus-potassium treatments produced signifi¬ 
cantly fewer roots throughout the experiment regardless of 
^3 
height of cut. Although as the height of clip was lowered, 
these responses became progressively less. 
Differences in texture of roots under various nutrient 
treatments were noted. Low nitrogen treated plants produced 
roots which were coarse and fibrous, while optimum fertilized 
plants produced roots which were fine textured with a greater 
number of root branches. It is believed that these observa¬ 
tions reflect carbohydrate-protein ratio, the former roots 
being high in carbohydrates and low in protein and the latter 
roots, low in carbohydrates and high in protein. Duncan et 
al• (11) obtained similar results on root development in com 
as effected by low nitrogen and optimum level treatments, and 
their conclusions were that root weights alone do not give 
the "full picture"* 
Continued observations of top-growth response to nutri¬ 
ent treatments indicated in both species (Kentucky bluegrass 
and Creeping red fescue) that low nitrogen treatments re¬ 
sulted in poor quality turf; that low phosphorus-potassium 
treatments did not seriously reduce turfgrass vigor and re¬ 
sulted in a deep green color; and, that optimum level treat¬ 
ments stimulated greatest top-growth throughout the experi- 
b 
ment. These results Indicate that a high nitrogen ratio 
fertilizer is a most valuable component for quality foliage 
production. The deep green color produced by the low phos¬ 
phorus-potassium treatment la a characteristic symptom of 
phosphorus starvation. As the level of nitrogen supply is 
Increased, compared with other nutrients, proteins are pro¬ 
duced which result in extensive foliar development which 
provides a larger surface for photosynthesis * Turfgrass re¬ 
quires chlorophyll-bearing tissue in order to manufacture 
oarbohydrates which are essential energy sources for vegeta¬ 
tive growth. 
Results of these top and root growth experiments indi¬ 
cate that where turf is clipped, it is necessary to have 
adequate but not excessive amounts of available nitrogen 
early in the spring and fall in order to assure a good 
quality root system during the summer and winter. A well 
established root system is necessary to malngain a good 
quality turf under such unfavorable conditions as accompany 
drought, disease attacks, and mechanical and chemical 
injuries. 
Effects of Clipping; Treatments Upon Root and Top- 
Growth . — Continued observations of root and top-growth re¬ 
sponse to clipping treatments indicated that with a decrease 
in height of cut the growth of top and roots was impaired 
accordingly; i.e., with higher clipping there was more top 
and root growth and with lower clipping (3/4") there was 
less growth of tops and roots. 
It is believed that the removal of more oarbohydrates 
and carbohydrate-manufacturing tissue from plants cut at 
3/4" resulted in less carbohydrates than nitrogen in the 
plant. When the proportion of carbohydrates to nitrogen is 
35 
low, less favorable conditions for vegetative growth exist. 
This resulted in less growth in the 3/4" cultures than in 
the 1 1/2M cultures after the second week. Johnson (24) 
pointed out that repeated removal of top-growth resulted in 
the use of reserve carbohydrates and eventual death of the 
plant. 
Creeping red fescue cultures cut at 3/4H were more 
severely affected by lower height of cut treatments than 
were Kentucky bluegrass cultures cut at the same height. 
These results are believed to indicate that the proportion 
of carbohydrates to nitrogen was lower in Creeping red fescue 
than in Kentucky bluegrass. The narrow leaves and the erect 
habit of growth of Creeping red fescue results in less 
chlorophyll-bearing tissues than in Kentucky bluegrass which 
has broader leaves and less erect growth habits. 
The application of these experimental results to 
cultural practices indicates that it is necessary to mow 
turf at such a height as to allow enough top-growth to meet 
the carbohydrate needs of the turf. 
SUMMARY AND CONCLUSIONS 
1* The reduction of foliar production varied directly 
with the intensity of clip for the 10 week period of this 
experiment. 
2. Root development measured at the end of the teat 
period was also reduced in direct proportion to the inten¬ 
sity of clip* This resulted in greater restrictions on root 
growth than were evident for top-growth, 
3. At an optimum plant food level the same slow rate 
of root growth was maintained throughout the experiment. 
This treatment produced a vigorous top-growth, 
4. The low nitrogen treatment increased root growth at 
first but gradually this growth rate slowed down, and top- 
growth was retarded. The low phosphorus-potassium treatment 
had no stimulating effect on top-growth. 
5. As the height of out was reduced optimum nutrient 
treatments produced more roots than other treatments. 
6. Decreasing the height of cut resulted in increasing 
weakness of turf. This was more severe for species that 
have an erect habit of growth. 
7. Optimum nutrient treatments and low nitrogen levels 
produced roots which differed in texture; l.e., the former 
developed fine textured roots and the latter coarser. 
S. A difference was noted in the total accumulation of 
potassium between species with Creeping red fescue having 
S7 
the greater content. 
9. There was a greater accumulation of potassium in 
foliage of the clipped series of all species than in the 
nonclipped series. 
10. The total amount of nitrogen and potassium was 
greater in foliage of all species at all heights of cut than 
in roots, 
11. The total amount of phosphorus was greater in 
roots of all species at all heights of out than in foliage. 
12. There was more accumulation of proteins in foliage 
than in either sod or roots. 
The following conclusions may he drawn from these 
studies: 
a. Increasing defoliation has a pronounced effect 
on restricting root development. 
b. As the height of cut is lowered, the require¬ 
ments of turf for a complete nutrient supply 
are increased. 
c. The weight of roots are not necessarily indica¬ 
tive of the absorptive or storage capacities of 
the system. 
d. Creeping red fescue can be sustained in lower 
fertility areas than bluegrass. 
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